Studies on the biosynthesis and secretion of macromolecules by cultured fibroblasts have concentrated mainly on collagen and proteoglycan-related species, but little is known of the nature and role of non-collagenous glycoproteins secreted by these cells. In this communication we describe the determination of optimum conditions of culture for the analysis of glycoprotein biosynthesis by human skin fibroblasts, and the preliminary characterization of secreted macromolecules labelled with ~-[l-~H]fucose.
Studies on the biosynthesis and secretion of macromolecules by cultured fibroblasts have concentrated mainly on collagen and proteoglycan-related species, but little is known of the nature and role of non-collagenous glycoproteins secreted by these cells. In this communication we describe the determination of optimum conditions of culture for the analysis of glycoprotein biosynthesis by human skin fibroblasts, and the preliminary characterization of secreted macromolecules labelled with ~-[l-~H]fucose.
Investigations of glycoprotein synthesis and secretion are best performed when the maximum number of cells are present in the culture, i.e. at confluency. Serum-containing media are required for the satisfactory attainment of confluency, but their continued use for the maintenance of the confluent monolayer present certain difficulties when secreted glycoproteins are to be studied. The major problem concerns the presence of serum proteins in vast excess of the secreted species which makes characterization and isolation of the latter extremely difficult. Also there exists the possibility that serum contains degradative enzymes such as glycosidases, and there is some evidence that serum may induce or activate the cellular production and secretion of proteinases (Bzuikowski & Mitchell, 1973) . To avoid these difficulties some workers have employed serum-depleted growth medium (Goldberg et al., 1972; Dell'Orco & Nash, 1973 : Bankowski & Mitchell, 1973 but these conditions, if used for extended periods, lead to appreciable cell detachment from the substrate and loss of cellular protein (Dell'Orco et al., 1973) . To minimize the above problems we have examined the ability of various media to maintain confluent fibroblast cultures by using the parameters of cell viability, cell detachment and cellular protein as indices of cell integrity.
Fibroblasts were grown from human skin biopsy material by using the explant technique, and cultured on plastic in Dulbecco's modification of Eagle's medium supplemented with 10% (v/v) foetal bovine serum (DMEM/10% FBS). Confluent monolayers were divided into four groups and maintained on the following four media: DMEM/10 % FBS, DMEM/O.S % FBS, DMEM alone and the completely chemically defined medium MAB 87/3 described by Gorham & Waymouth (1965) . At 24h intervals over a 3-day period the following measurements were made in duplicate. Cell viability was high (97-99%) in all four media studied over the whole 3-day period. Determination of cell detachment indicated that monolayers maintained with DMEM/lO% FBS or MAB 87/3 media lost less than 1 % of the total cell population after 3 days, compared with much higher values for the other two media (Fig. 1) . The total cell protein determinations demonstrated decreases of approx. 30% and 20% with DMEM and DMEM/O.S% FBS media respectively after 3 days, but no significant decrease with either DMEM/10% FBS or MAB 8713 media. Waymouth's MAB 8713 medium is thus shown to be superior to DMEM/O.S% FBS or DMEM for the maintenance of confluent fibroblast monolayers, and makes possible the study of glycoprotein secretion in such cultures in the absence of serum.
The glycoprotein-specific marker, L-[ l-3H]fucose, was used to detect the secreted species of interest. Fibroblast cultures were grown to confluency in DMEM/10% FBS medium, and subsequently maintained on medium MAB 87/3 in the presence of 13H]-fucose. Incorporation of the radioactivity into non-diffusible macromolecules in the medium was linear over a 3-day period. The location of the 3H in the secreted material 553rd MEETING, LONDON 
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was determined by mild acid hydrolysis followed by paper chromatography, and approx.
90 % of the radioactivity co-chromatographed with authentic or-L-fucose. This result indicates that cultured human fibroblasts do not readily convert exogenous fucose into other monosaccharide moieties found in macromolecules.
Three different techniques were used to confirm the glycoprotein nature of the secreted [3H]fucose-labelled macromolecules. By virtue of the difference in their buoyant densities, glycoproteins and proteoglycans are readily separated by CsCl equilibrium-densitygradient ultracentrifugation (Hascall & Sajdera, 1969) . Centrifugation in the presence of CsC1-4M-guanidinium chloride (initial density 1.37g/ml) at 105000g for 84h resulted in 95 % of the 3H moving with carrier glycoprotein and only 5 % sedimenting with added proteoglycan. Secondly, the high sulphate content of proteoglycans enables them to bind to ECTEOLA-cellulose at physiological ionic strength, whereas serum glycoproteins are unretarded under these conditions (Calatroni et ul., 1969) . When mixed with serum and chondroitin sulphate carriers, 80 % of the [3H]fucose-labelled macromolecules were eluted with 0.15 M-NaCI in the protein-containing fractions. Thirdly, after treatment of the secreted species with highly purified trypsin approx. 85 % of the radioactivity was included on a column of Sephadex G-50. Such behaviour is characteristic of glycoproteins which are degraded by trypsin to small glycopeptides, whereas proteoglycans in general yield much larger digestion products (Mathews, 1971).
Our results show that confluent human skin fibroblasts incorporate exogenous fucose into secreted macromolecules, and that these secreted species are predominantly gylcoprotein rather than proteoglycan in nature. Preliminary characterization of the molecular size of the secreted macromolecules by sodium dodecyl sulphats-agarose chromatography (Jimenez et ul., 1971) suggests that procollagen is not significantly labelled with [3H]fucose. We have found, however, at least four major [3H]fucose-labelled species secreted by cultured human skin fibroblasts.
can be isolated from this cartilage, which has a distinctly different composition from the proteoglycan fraction which is extracted by high-ionic-strength salt solution (Mayes et al., 1973) . We now present evidence to show that the proteoglycan extracted at low ionic strength has a lower intrinsic viscosity than the high-ionic-strength population. Nevertheless, the low-ionic-strength-extracted proteoglycan shows a slight fall in viscosity after centrifugation in dissociative conditions. It is suggested that the conditions used may release some 'proteoglycan-aggregate' from this tissue, thus accounting for this observation.
A sequential extraction technique was used for solubilizing proteoglycan from the cartilage. Tissue slices were first shaken with unbuffered 0.15~-KC1 and a 'proteoglycan aggregate' fraction (AIKCI) was prepared from the extract by CsC1-density-gradient centrifugation, under the conditions described previously (Mayes et al., 1973) . The slices were recovered, extracted with 2.0~-CaC1~, pH 5.8, and a second proteoglycan aggregate fraction (AlCaC12-Seq.) was isolated in the same way. A third proteoglycan aggregate fraction (Alcac12) was prepared from cartilage slices extracted only with 2.0~-CaCl,, pH5.8.
The Al-proteoglycan fractions were centrifuged in a second CsCl density gradient, but under dissociative conditions (see Mayes et a [., 1973) , to separate dissociated proteoglycan (AID1) from the 'protein-link fraction' (AlD3) (seeTable 1 for fraction densities).
Viscosity measurements were made at 20°C with 0.5~-sodium acetate (pH6.5) as the solvent. Electrophoresis of A1D3 fractions on 7.5 % (w/v) polyacrylamide gels was performed after exposure to sodium dodecyl sulphate and reduction with D-mercaptoethanol, as described by Weber et al. (1972) . After staining with Coomassie Blue, the gels were scanned at 580nm in a Gilford 240 spectrophotometer. The intrinsic viscosity of the various proteoglycan fractions is shown in Table 1 . The molecular sizes of the AlKCl fraction and the AlDlKcl fraction derived from it are considerably smaller than those of the corresponding proteoglycan fractions isolated from a 2.0~-CaCl, cartilage extract. The intrinsic viscosity of the A1CaC12-~eP. fraction is 10 % higher than the value found for fraction A1 CaC12, presumably because the former fraction
